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© Multilayered biodegradable stent and method for its manufacture. 



@ A stent (12) of multilayered luminated construc- 
tion wherein one layer (18) addresses the structural 
requirements of the stent and additional layers 
(20,22) release drugs at predictable rates. Both the 
structural layer (18) as well as the drug releasing 
layers (20,22) are eventually completely resorbed by 
the body. 
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acteristics. These requirements can be satisfied by 
using polymers such as poly-L-lactic acid or poly- 
glycolic acid that have been extruded and oriented 
to obtain maximum tensile strength and optimal 
flexural properties. 

The drug-releasing layers are selected based 
on the properties of the materials used to retain 
sufficient quantities of particular drugs, to release 
those drugs at a constant or at least predictable 
rate when exposed to the environment encountered 
upon implantation, and to eventually become com- 
pletely absorbed by the body. Polymers capable of 
such functions include poly-DL- lactic acid or poly- 
caprolactone. Such polymers are first intermixed 
with the drug or drugs to be delivered and then are 
either extruded or solvent cast. The drug-containing 
layer or layers and the structural layer subsequent- 
ly are laminated to one another using heat or 
solvents. 

The present invention advantageously is ap- 
plied to stents implantable in a coronary artery 
after an angioplasty procedure has been performed 
wherein the exterior surface of the stent releases a 
drug into the vessel wall that tends to discourage 
restenosis and also discourages coagulation of the 
fluid passing through the lumen. Alternatively, a 
stent according to the present invention may be 
utilized to treat prostate cancer. In this application, 
a chemotherapeutic drug is released directly into 
the urethra via the implanted stent. 

These and other features and advantages of 
the present invention will become apparent from 
the following detailed description of the preferred 
embodiments which, taken in conjunction with the 
accompanying drawings, illustrates by way of ex- 
ample the principles of the invention. 

In the drawings: 

Figure 1 is a perspective view of a stent of the 
present invention; and 

Figure 2 is an enlarged cross sectional view 
showing the laminated construction of the stent 
of Figure 1 . 

The Figures illustrate a preferred embodiment 
of the present invention. Generally. Figure 1 illus- 
trates stent 1 2 prior to implantation. The stent is . 
formed as a furled cylinder of sufficiently small 
outer diameter so as to be transportable through 
the lumen in which it is to be deployed and of 
sufficiently large internal diameter to receive a bal- 
loon catheter therein. The tabs 14 extending from 
the outer surface of the catheter are sized to en- 
gage apertures 16 after the balloon has been in- 
flated. The process of inflating the balloon causes 
the cylinder to unfurl and thereby expand. Once 
elements 14 and 16 have engaged, the stent effec- 
tively is locked into its expanded state and cannot 
recontract. 



Rgure 2 is an enlarged crosssectional view of 
the stent 12 according to the present invention. 
The stent comprises a laminated structure compris- 
ing multiple layers. The particular embodiment il- 
5 lustrated has three layers, layers 18, 20, and 22. 
Central, relatively thick layer 18 comprises the 
structural component of the stent which imparts the 
necessary physical characteristics to make the 
stent capable of maintaining the patency of a 
w lumen. This central layer also imparts the desired 
flexural characteristics to the stent to allow it to be 
positioned as well as to be expanded once posi- 
tioned. Thinner layers on either side of structural 
layer 18 deliver pharmacological agents. Materials 
75 that form the thinner layers are selected for the 
ability of the materials to absorb drugs and subse- 
quently release the drugs at predictable rates once 
the stent is subjected to the environment encoun- 
tered upon implantation. In the embodiment illus- 
20 trated, the layers are disposed such that each is 
adjacent a surface of central structural layer 18. 
These layers may contain the same type of drug or 
different drugs. Alternatively, only one drug-releas- 
ing layer might be laminated to one surface of the 
25 stent. In still another aspect, additional drug-releas- 
ing layers can be built up on top of one another to 
allow sequential release of various medicaments. 

The material employed for the structural layer 
is selected based on the ability of the material to 
30 impart the necessary physical properties to the 
stent as well for its capacity to be completely 
reabsorbed by the body. "Resorbable" is meant to 
encompass all those materials that are either 
biodegradable, bioerodable, or bioabsorbable and 
35 includes materials that break down over time and 
are gradually absorbed or those that are eliminated 
by the body regardless of whether the degradation 
mainly is due to hydrolysis or is mediated by 
metabolic processes. As previously mentioned, the 
40 strength of such material must be such that once 
the stent is in its expanded and locked form, it is 
capable of maintaining the patency of the vessel 
into which it is implanted. Additionally, the physical 
characteristics of the material of the structural layer 
45 must be such as to provide flexibility sufficient to 
allow it to be expanded by, for example, the infla- 
tion of a balloon contained therein. Furthermore, a 
degree of longitudinal flexibility is desirable in 
order to facilitate transportation of the stent through 
so a potentially tortuous path through the lumen to its 
intended implantation site. 

Materials with the capacity to provide both the 
structural integrity and resorbability required being 
resorbable typically are polymeric in nature. Poly- 
55 mers such as poly-L-lactic acid or polyglycolic acid 
which have been extruded and oriented by known 
methods to obtain maximum tensile strength as 
well as optimal flexural properties are well-suited 
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for such application. Polyorthoesters or polyan- 
hydrides also could be used. In the present inven- 
tion the laminated construction of the stent allows 
the structural layer to be processed and treated to 
enhance its physical properties without concern for 
the effect such potentially rigorous cond.t.ons 
would have on drug and drug-containing materials. 

The materials used for drug-releasing layers 20 
and 22 are selected for the ability to be absorbed 
and the ability to retain various drugs and subse- 
quently release the medicaments at a predictable 
rate upon implantation of the stent. Materials found 
to be especially advantageous for such purposes 
include polymers such as poly-DL-lactic acid and 
polycaprolactone. These polymers can be inter- 
mixed with the drug or drugs to be released and 
subsequently extruded or solvent cast by well- 
known methods. 

After the central structural layer and any drug- 
releasing layers have been fabricated, the layers 
are laminated to one another using heat or sol- 
vents. For example, a layer of poiy-L-lactic acid 
and a poly-DL-lactic acid are combinable by con- 
figuring the two layers in intimate contact and sub- 
jecting the layers to a temperature of about 55 C 
The completed laminate subsequently is stamped 
or laser-cut to the appropriate dimens.ons. The 
elements and features necessary to initially main- 
tain the stent in a furled state and subsequently 
allow it to be locked into its expanded state are 
formed by similarly well known methods. A final 
furling or shaping operation renders the stent sub- 
stantially ready for use. « . tee tho 
The ultimate purpose of the stent dictates the 
dimensions of the stent, the strength requirements 
and physical characteristics of the stent, and the 
particular drugs and drug delivery rates selected. 
For example, when the goal is to maintain the 
patency of a coronary artery, a stent according to 
the present invention wherein the innermost layer 
exposed to the lumen is configured to release a 
drug that reduces the likelihood of thrombosis. 
Heparin or prostacyclin are among the drugs ap- 
propriate for this purpose. In such an application, 
outer layer 20 could advantageously release drugs 
that address restenosis. Drugs that have been 
found to be effective for this purpose include an- 
giopeptin, methotrexate, and heparin. 

While a particular form of the invention has 
been illustrated and described, it also will be ap- 
parent to those skilled in the art that various modi- 
fications can be made without departing from the 
spirit and scope of the invention. Any of a variety 
of stent designs and applications can benefit from 
the present invention. Accordingly, it is not in- 
tended that the invention be limited except by the 
appended claims. 



Claims 

1. An expandable intraluminal stent for implanta- 
tion in a vessel, comprising: 

a first layer formed of resorbable material 
selected to impart structural rigidity to said 

stent; and . 

a second layer of a resorbable material, 
joined to said first layer and selected to re- 

10 lease a therapeutic drug at a selected rate 

therefrom, whereby upon implantation, said 
stent initially provides a desired degree of 
structural support to said vessel, releases said 
drug at the selected rate and eventually is 

75 completely resorbed. 

2. A stent as claimed in claim 1 . wherein said first 
layer is further selected to impart additional 
desired physical characteristics to said stent. 

3. A stent as claimed in claim 1 . wherein said first 
layer comprises poly-L-lactic acid, or poly- 
gly colic acid. 

4 A stent as claimed in any one of claims 1 to 3. 
wherein said second layer comprises poly-DL- 
lactic acid or polycaprolactone. 

5 A stent as claimed in any one of the preceding 
claims wherein said stent is implantable in a 
lumen upstream from a cancerous growth and 
said second layer is selected to release a 
chemotherapeutic drug. 

6 A stent as claimed in any one of the preceding ; 
claims wherein said second layer is selected to 
release heparin. 

7 A stent as claimed in any one of the preceding 
claims wherein a third layer of resorbable ma- 
terial is joined to said first layer and selected 
to release a therapeutic drug at a selected rate 
therefrom, whereby upon implantation, said 
stent initially provides a desired degree of 

45 structural support to said vessel, releases said 

drugs at the selected rates and eventually »s 
completely resorbed. 

8. A stent as claimed in claim 7, wherein the 
so drugs released by said first and second layer 

are identical. 

9 A stent as claimed in claim 7, wherein the 
drugs released by said first and second layer 
55 are different. 

10. A stent as claimed in claim 9. wherein said 
stent is implantable within a coronary artery. 
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said second layer is joined to the outer side of 
said stent's first layer and releases a drug that 
addresses restenosis and said third layer is 
joined to the inner side of said stent's first 
layer and . releases a drug that addresses 5 
thrombosis. 

11. A stent as claimed in claim 7, wherein said 
second layer is selected to release angiopeptin 

and said third layer is selected to release w 
heparin. 

12. A method of fabricating a biodegradable, drug 
releasing stent for implantation within a lumen, 
comprising the steps of: is 

^ forming a first layer of biodegradable ma- 
terial having physical properties necessary to 
enable a stent to perform its structural function 
within said lumen; 

forming a second layer of biodegradable 20 
material which releases a selected drug upon 
exposure to an environment such as is en- 
countered within said lumen; and 

joining said second layer to said first layer 
to provide a laminated structure that is biodeg- 25 
radable, drug releasing and has the physical 
properties necessary for said stent to perform 
its structural function within said lumen. 



19. A method as claimed in any one of claims 13 
to 17, wherein said second and third layers are 
joined to said first layer with the application of 
heat or with the use of solvents. 



13. A method as claimed in claim 12, further com- 30 
prising the steps of: 

forming a third layer of biodegradable ma- 
terial which releases a selected drug upon 
exposure to an environment such as is en- 
countered within said lumen; and 35 

joining said third layer to said first layer. 

14. A method as claimed in claim 12 or claim 13, 
wherein said first layer is formed by extrusion 

and orientation of a polymeric material. 40 

15. A method as claimed in claim 14, wherein said 
polymeric material comprises poly-L-lactic acid 
or polyglycolic acid. 

45 

16. A method as claimed in any one of claims 12 
to 15. wherein said second layer comprises a 
mixture of said drug and a polymeric material. 

17. A method as claimed in claim 16, wherein said so 
polymeric material comprises poly-DL-lactic 

acid or a polycaprolactone. 

18. A method as claimed in any one of claims 12 

to 17, wherein said second layer is joined to 55 
said first layer with the application of heat or 
with the use of solvents. 



5 



EP 0 604 022 A1 



7 




6 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 93 30 9386 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to daim 


CLASSIFICATION OF T1IE 
APPLICATION (Jnt-CLS) 


X 
Y 


WO-A-90 01969 (M-J. SLEPIAN) 

* page 10, line 27 - page 14, line 5; 
figures 1-8 * 

* page 24, line 26 - line 31 * 


1-9,12, 
13,16-H 
10,11, 
14,15 


A61F2/06 
A61L31/00 


Y 
A 


WO-A-91 17744 (G.R. JERN8ERG) 

* page 6, line 32 - page 7, line 21 * 

* page 9, line 3 - line 16 * 

* page 10, line 2 - line 29; claims 
9,18,22,35,36; figures 4A-4D * 


10, 11 
1-4,6-9 




Y 
A 


WO-A-90 04982 (BIOCON) 

* abstract * 

* page 16, line 26 - page 17, line 6; 
table 1 * 


14,15 
1-5 




X 


WO-A-91 17789 (R.S. STACK ET AL.) 

* nane 17 line 32 - line 36 * 

* page 21, line 18 - page 22, line 11 * 

* page 23, line 12 - line 16 * 

EP-A-0 364 787 (EXPANDABLE GRAFTS 
PARTNERSHIP) 

* column 12, line 48 - line 57; figures 
5,6 * 


1-3,6. 
12,16 








TECHNICAL FIELDS 
SEARCHED (Int-CLS) 


A 


1.4,12 


A61F 

Afi 1 1 
AD 1L 

A61M 


A 


US-A-5 100 429 (E.L. SIN0VSKY ET AL.) 

* column 8, line 43 - line 52; figures 6,7 
* 

* column 9, line 37 - line 66 * 

-/-- 


1-3, 
12-19 




The present search report has been drawn up for all claims 







THE HAGUE 



Da* *r EMvtdlM •* tat uana 

28 February 1994 



Wolf, C 



CATEGORY OK CI TED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, hut published on, or 

after the filing date 
D : document cited in the application 
I. : document dtcd for other reasons 



tber of the same pateni family, corresponding 
document 



a : meml 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 30 9386 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



WO-A-92 10218 (W.L. GORE & ASSOCIATES) 

* page 7, line 8 - line 34; figures 2,4,12 

* page 9, line 19 - line 27 * 

* page 12, line 24 - line 31 

WO-A-90 06094 (BRIGHAM AND WOMEN* S 
HOSPITAL) 

* page 9, line 22 - line 26 * 

* page 14, line 15 - page 15, line 25 

EP-A-0 493 788 (MUDR. MILAN KRAJICEK CSC.) 

* column 2, line 12 - column 3, line 9; 
figure * 

WO-A-89 03232 (BUKH ME0ITEC) 

» abstract; claims 4,7,16 * 

WO-A-93 06792 (SCIMED LIFE SYSTEMS) 

* abstract * , 

* page 12, line 5 - page 13, line L 
« page 18, line 24 - line 30 - 

« page 19, line 24 - page 21, ne 17 
page 22, line 10 - page 23, line 2 



Relevant 
to claim 



CLASSIFICATION OF THE 
AFFIJCATION QalXLS) 



1-10,12, 
13,15, 
16, 18, IS 



1,2, 

5-13,16 

18,19 



7-11 



1-5, 

12-16, 

18,19 



1-19 



The present search 



report has been drawn up f or all claims 



TECHNICAL FIEUJS 
SEARCHED Qa*CLS) 



THE HAGUE 



28 February 1994 | Wolf, C 



CATEGORY OF CITED DOCUMENTS 

X ■ particularly relevant tf ilone 

V ' SrticulmriJ relevant If combined with another 

document of the S»»« category 
A : technological background 
O : non-written disclosure 
p : intermediate •oeumeot 



T • theory or principle underlying the invention 
E : earlier patmtt document, but published on, or 

ifter the filing date 
D * document cited in tbt application 
L : document cited for other reasons 



Tamnber of the Iame"patent f amiry. corresponding 



